Abstract Research Article
IntroductIon
Sepsis is a major cause of mortality in Intensive Care Unit (ICU). [1] Early identification and timely interventions hold a key role to improve morbidity and mortality in sepsis. [2] Despite improvements in better understanding of pathophysiology and research over the years, early diagnosis of sepsis still remains a challenge for clinicians. Conventional investigations such as total leukocyte count (TLC) [3] and C-reactive protein (CRP) have produced variable results. Microbiological culture is still the gold standard for identifying sepsis, [4] but it takes time with chances of false negativity. Many factors, including the use of empiric antibiotic therapy started before taking the samples, may influence the results. [5] These issues encouraged research on biomarkers for aggressive identification of sepsis. Recently, the new generation and improved diagnostics for infection workup have been directed toward soluble biomarkers in the serum or plasma. Tumor necrosis factor, interleukins, procalcitonin (PCT), [6] and neutrophil CD64 (nCD64) expressions are being evaluated extensively. nCD64 seems to be a clinically useful diagnostic cell-based parameter of a systemic acute inflammatory response [7] [8] [9] [10] [11] [12] [13] [14] or sepsis.
nCD64 is a high-affinity receptor for Fcy part of the IgG heavy chain. [15] Phagocytosis of bacteria and other microorganisms is mediated by this FcyR1 receptor. It is constitutively expressed on macrophages, monocytes, and eosinophils and to a very low extent on resting neutrophils (approximately 1000 molecules per cell). However, CD64 expression on neutrophils increases once they become activated by pro-inflammatory cytokines produced in response to infections. Their level starts to increase within 4-6 h to up to more than 10 times than the resting levels, allowing discrimination between resting and activated neutrophils. [16, 17] When these stimulation factors subside, CD64 expression substantially decreases within 48 h and restores to baseline values after 7 days.
Some recent studies suggested that nCD64 had better diagnostic ability in differentiating sepsis from nonsepsis, compared with PCT. [10, 13] It was also found to be more appropriate than CRP in guiding de-escalation of antibiotics. [18] Some investigators described its role as a highly sensitive and specific marker for sepsis or bacterial infection in adults, neonates, and children. [7] [8] [9] [10] [11] [12] [13] [14] [19] [20] [21] nCD64 has been utilized to predict outcome and severity in critically ill patients. [9] High nCD64 was found to be associated with poor prognosis. [9, 13, 17] However, till now, very few studies have tried to highlight its role in defining the clinical course in ICU.
In the present study, we have assessed serial nCD64 in patients with sepsis and septic shock over the first 8 days of ICU stay and evaluated its correlation with the patient's characteristics and outcome.
MaterIals and Methods
This was a prospective observational study conducted in a tertiary care 12-bedded medical-surgical ICU over a period of 12 months from February 2016 to January 2017. The study was approved by institutes' ethical committee. We included adult patients (age >18 years) who presented with features of sepsis (sepsis was defined by the survival sepsis guideline 2012 [2] ). Informed consent was taken from the patients or next to kin.
Data collection
The baseline clinical and laboratory parameters were noted on admission to ICU. The data included age, sex, comorbidities, source and type of admission, and possible causes for sepsis. Admission Sequential Organ Failure Assessment (SOFA) score and Acute Physiology and Chronic Health Evaluation II (APACHE II) were also noted. Other laboratory data were collected which included complete blood count and lactate for the study purpose.
Blood cultures along with culture from possible source of infection (as decided by the treating clinicians) were also sent for all patients at admission. The samples were collected and processed according to standard microbiological procedures in our institute.
Neutrophil CD64 measurement
For nCD64 measurement, 14 ml of venous blood sample was collected in ethylenediaminetetraacetic acid (EDTA) vial for each patient and sent to laboratory within 15 min. nCD64was measured by flow cytometry (FCM) (Becton Dickinson Immunocytometry Systems, San Jose, CA, USA, Food and Drug Administration approved) in the department of immunology in our institute. The polymorphonuclear cells were separated from other blood cells by their characteristic side scatter profile. The neutrophils were then gated according to CD64 activity. The results were expressed as percentage (%) of neutrophil expressing CD64 positivity. It is a kit-based assay, and at a time, 200 samples can be processed.
Serial measurements of nCD64 were done on days 0, 4, and 8 of ICU stay (day 0 being the day of admission).
The patients were followed up till death or discharge up to the 28 th day. nCD64 values did not guide patient management at any point of time.
We further observed mortality and severity of sepsis (the presence or absence of septic shock) and observed their correlation with nCD64.
Sample size estimation
Assuming ratio of survivor and nonsurvivor patients in ICU as 2:1, calculated sample size came out to be 38 (survivor = 25 and nonsurvivor = 13) at minimum 80% power of the study and 0.05 significance level. The sample size was calculated to detect a mean difference in CD64 count (mean ± standard deviation) between survivor and nonsurvivor (40 ± 26 vs. 65.5 ± 24.5) on day 8 (input was taken from a pilot study, conducted on 10 patients in ICU). Finally, in this study, the number of survivor and nonsurvivor patients was 34 and 17, respectively. This achieved 99.7% power of the study in the observed mean difference in CD64 count on day 8. The sample size was calculated using Power Analysis and Sample Size version 8 (PASS-8,NCSS, Utah, USA) was used to calculate sample size.
Statistical analysis
Variables were reported as median and interquartile range (IQR). Normality of continuous variables was tested using Kolmogorov-Smirnov test. For normally distributed data, parametric test was used, while for nonnormal data, nonparametric methods were used. We compared the variables between the two groups using the independent t-test or Mann-Whitney U-test, while for three or more groups, Kruskal-Wallis H-test was used. Friedman test was used to evaluate the changes in nCD64 count over the time intervals. Multiple comparisons were followed when P value was found significant. Spearman's rank correlation coefficient was used to test the correlation between CD64 and other variables. SPSS version 23 (IBM, Chicago, USA) was used for statistical analysis. P < 0.05 was considered to be statistically significant.
results
We enrolled 65 patients in the study out of a total 125 admission during the study period. Data were analyzed for the patients who survived for at least 8 days in our ICU and who could be followed up to day 28. Fifty-one patients were included in this study as per the inclusion criteria with measurement of a total of 153 samples over the study period. (12) (13) (14) (15) (16) (17) (18) (19) (20) while SOFA was 9 (8-10) [ Table 1 ]. Most common source of sepsis was lung (26/51, 50%). Medical reasons were the primary cause for their sepsis. Almost 50% of patients had one or more comorbidities at admission. The initial cultures were positive in 11 patients. Thirty-nine patients survived at day 28. At admission, median (IQR) of nCD64 value was 63 (43-83) [ Table 1 ].
In Table 2 , median values of the nCD64, APACHE II, SOFA, TLC, and lactate were compared between survival and nonsurvival patients at days 0, 4, and 8, respectively. On days 0 and 4, SOFA was statistically significant between the groups; however, nCD64 did not show any difference. On day 8, both SOFA and nCD64 were significantly higher in the nonsurvivor group (P < 0.05).
Neutrophil CD64 kinetics based on severity of sepsis
In Table 3 , median score of the nCD64, APACHE II, SOFA, and TLC was compared between sepsis and septic shock patients at days 0, 4, and 8, respectively. nCD64 was significantly higher in the septic shock group as compared to sepsis patients on days 0 and 8. SOFA, APACHE II, TLC, and lactate were comparable between the groups.
In Table 4 and Figure 1 , the changes in nCD64 over the time intervals for survivor and nonsurvivor patients were represented. The results showed that there was a significant decrease in nCD64 counts in survivor patients over the time (P < 0.001). Multiple comparison revealed that nCD64 count on day 8 was significantly different with days 0 and 4 (P < 0.05) while day 4 value was not significantly different from day 0 (P > 0.05). In nonsurvivor patients, there was nonsignificant change over the time intervals (P > 0.05). The decrease in nCD64 among the survivors was significant in sepsis as well as septic shock patients [ Figure 2 ]. Among the septic shock patients, nCD64 showed an increasing trend in the nonsurvivors (P < 0.05).
nCD64 count was compared between survivor and nonsurvivor patients [ Table 4 ] at days 0, 4, and 8. Mann-Whitney U-test indicated that there was no significant difference at days 0 and 4 (P > 0.05) but was significant at day 8 (P < 0.05).
nCD64 count was significantly different between sepsis and septic shock [ Table 5 ] patients at days 0 and 8 but not significant at day 4. Receiver operating characteristic curve was plotted for nCD64 count to discriminate the septic shock with sepsis at days 0 and 8 (not plotted for day 4: not significant). Result revealed that nCD64 count is good predictor of the CRP and PCT. [10, 13, 18] Some studies also showed that nCD64 distinguishes the stages of sepsis. [9] However, these studies have limitations of small sample size with heterogeneous patient populations. The clinical status of sepsis patients may change significantly in the initial few days of ICU stay as a result of resuscitation and antibiotic therapy. Clinical course in the 1 st week, results of microbiological cultures and laboratory values play a major role in the outcome. There are limited studies [11, 23, 24] on serial estimation of nCD64 in critically ill patients. We followed nCD64 through the 1 st week of ICU stay and observed its correlation with the patient's characteristics and outcome.
In our study, nCD64 was higher in the nonsurvivor group on days 4 and 8. Many studies observed similar findings. Livaditi et al. [9] showed that increased nCD64 was favoring mortality in patients with sepsis. Muller et al. [25] also suggested the same finding in their study. Increased nCD64 could predict 28-day mortality in disseminated intravascular coagulation (DIC) patients. nCD64 value was significantly correlated with DIC severity as well. [17] Authors could find only two studies [11, 26] which suggested an opposite correlation between nCD64 level and mortality. Cid et al. [26] showed that patients who survived had higher nCD64 expression compared to nonsurvivors. The possible explanation may be due to "exhaustion" of cells due to continuous stimulation by systemic cytokines in nonsurvivors. [27] In our study, nCD64 was higher in septic shock patients compared to sepsis group on days 0 and 8 (P < 0.05). This finding corroborated with studies by several other authors. [9, 13, 27] In our study, survivors had a decrease in trend of nCD64 over time compared to nonsurvivors. This trend was also significant when we observed sepsis and septic shock. The nonsurvivors among the septic shock patients rather showed an increasing trend of nCD64 (P < 0.05). Icardi et al. [28] reported that patients treated with appropriate antibiotic therapy had a quick decrease of nCD64 along with improvement of their clinical condition as well. 
dIscussIon
In spite of years of extensive research, managing sepsis and preventing mortality remain a constant challenge. Much is debated regarding initial management, but appropriate initial antibiotic therapy remains the cornerstone of sepsis therapy. [22] Identifying sepsis is important to avoid unnecessary antibiotic use in nonsepsis conditions. Many recent studies have observed good sensitivity and specificity of nCD64 for identifying sepsis compared with other global markers of inflammation such as Many recent studies have already defined the role of nCD64 in differentiating sepsis from nonsepsis. The biochemical property of nCD64 is self-explanatory for its higher value in septic shock compared to sepsis. However, if improving trend of nCD64 can be correlated with survival, it may be used as a marker of appropriate therapy during the initial days of treatment.
Regarding analytical aspects, FCM is the method of choice for nCD64 determinations. [29] The test can be done with small volume of EDTA anticoagulated blood, and this is stable for 36-72 h at room temperature. [16, 30] The determination of nCD64 lacks standardization, and various methods have been used in expressing nCD64. We used percentage of nCD64 being activated by antigenic stimulus, and this approach is fairly reported in literature. [31] Even the cutoff values to differentiate sepsis and nonsepsis vary between studies. [32] Studies on nCD64 evaluation in sepsis were mostly with small sample size, inclusion criteria are different, and cutoff values and units are not universal. Moreover, there is a scarcity of literature on longitudinal follow-up of nCD64. [11] Our study is limited by a small sample size. Besides, we received patients who were already on antibiotic therapy. We did not take account of severe sepsis group, rather evaluated sepsis patients based on the presence and absence of shock.
conclusIon
Monitoring serial nCD64 during ICU stay may be helpful in determining the clinical course of septic patients. However, further randomized trial with larger sample size is needed to establish its diagnostic and prognostic efficacy of such trend.
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